Historically, the government of Pakistan has been providing subsidy on fertilizers, and the most recent subsidy program started during 2015-2016. The current study aims to estimate the impact of the fertilizers subsidy program on fertilizers application and its impact on the crops yield and household income levels using a comprehensive cross-sectional dataset collected from 850 farmers from all four major provinces of Pakistan. The fertilizer subsidy program enabled 80% of the farmers to apply recommended doses of fertilizers, and also incentivized the farmers to bring more area under cultivation. The empirical analysis has been carried out by employing the propensity score matching approach (PSM), and results indicated that fertilizer subsidy has a positive impact on crops yield and household income levels. As a result of subsidy, the wheat yields are higher in the range of 65-71 kg per hectare while the rice yields are higher in the range of 34-43 kg per hectare. The household income levels are higher in the range of 5671 to 6549 rupees. The fertilizer subsidy on a sustainable basis can encourage the resource-poor farmers to apply recommended doses of fertilizers and thus increase crop production, thereby contributing to the improvement in their livelihood.
Introduction
In Pakistan, due to highly skewed land distribution, the majority of the farmers are tenant farmers. About 80% of the farmers are small farmers, and these small farmers are not able to apply recommended doses of inputs due to poor financial conditions. Many farmers in Pakistan purchase inputs on credit (the credit inputs are always expensive as price is higher as compared to market prices) and pay back the credit at the time of crop harvest. As an effort to encourage the recommended application of inputs, the government of Pakistan has announced a subsidy on the fertilizers. The fertilizer subsidy is a great relief and support for the resource-poor farmers. Agriculture contributes about 55% of the total exports and 19.8% of the GDP of Pakistan [1] . Approximately 67% population of Pakistan lives in rural areas and are directly or indirectly dependent on agriculture for their livelihood [2] . Hence, improvement in agricultural productivity not only improves the wellbeing of the rural people, but also contributes to the overall economic growth and development of the country.
The timely application of various inputs can help to increase agricultural productivity. Productivity improvement not only depends on the timely application of the fertilizer, but also on types of fertilizer applied. The application of the farmyard manure becomes more prevalent when the prices of inorganic fertilizers are high [3] . Unfortunately, Pakistan's soils are deficient in nitrogen, phosphorus, zinc, and boron, while potassium is generally adequate in irrigated areas, but its deficiency is emerging [4] . The majority of the farmers in Pakistan also lack information on major macro and micronutrients,
Literature Review
To promote the recommended application of inputs, i.e., seed, fertilizers, etc., subsidy is key (World Bank, 2007) . Many studies in the past have found that partial and complete removal of subsidies to farmers can decline the use of inputs [11] . As most fertilizers are not cheap, it is important to use them efficiently and effectively to produce maximum output (Khan et al., 2010) [8] ; (World Bank, 2007) . In Pakistan, the farmer's application of chemical fertilizers response varies with the price [12] .
Depending on the situation and conditions, the targeted subsidies work differently in different agro-ecological regions. Despite this variability, there is common agreement that the application of recommended doses of fertilizers can help to increase the crop productivity [13] [14] [15] .
The government needs to focus on infrastructure improvement besides putting in place right policies, so that small, resource-poor farmers are able to apply the recommended doses of fertilizers. Few studies have also found a positive relationship between labour demand and input subsidy program [16] . The availability of subsidized inputs needs to be ensured to the farmers, as in some cases, the subsidized inputs benefits do not reach the farmers [17] . In addition, the subsidy program needs to target the rural poor to have maximum benefits. The input subsidy programs can help to stabilize the food prices, food security, food production, and the overall household welfare [18] [19] [20] . The input subsidy program can also help small-scale farmers find a way out of poverty.
The application of fertilizers depends upon a number of factors, especially the price (Jayne et al., 2013) [13] . A number of studies have shown that fertilizer subsidy has a positive impact on overall household welfare. In Pakistan, a number of studies have shown that as compared to support price, the fertilizer subsidy program is more beneficial.
Conceptual Framework
Farmers in Pakistan apply a number of various fertilizers to various crops. The amount of fertilizer applied depends upon the farmers' economic condition, especially the price of the fertilizer. We consider a typical farm household [H] that mainly applies three main types of fertilizers, i.e., urea [ψ], DAP [ζ], and farmyard manure [ϕ] . As the application of the fertilizers is directly correlated with the price of the fertilizers, in case of subsidy [P 0 ], the farmer's response varies and the following three different scenarios might arise.
In response to the fertilizer subsidy [P 0 ], the household continues to apply the same amount of fertilizer, neither increase nor decrease the amount of fertilizers; in that case, the fertilizer application can be presented as follows
The second scenario can be that as a result of subsidy [P 0 ], the household increases the amount of the fertilizers, as presented in the equation below
The third scenario that is highly unlikely to occur is that as a result of subsidy, the household decreases the application of the fertilizers, as presented in the equation below
As a result of subsidy, the farmer's decision to increase, decrease, or retain the amount of the fertilizers needs to be determined, and the impact of this change in the dose of the fertilizer on household welfare also needs to be estimated. As a result of subsidy, in most cases, farmers increase the amount of the fertilizer applied and in some cases, keep the same or decrease the amount based upon soil fertility department recommendation. To asses the factor influencing increased fertilizer application, we estimated a Probit model and a Tobit model for the intensity/quantity of application. We investigated the impact of the subsidy on crops yield and household income levels using a propensity score matching approach. For propensity score matching approach (PSM), it is generally recommended to estimate two different matching algorithms viz nearest neighbor matching (NNM) and kernel-based matching (KBM) [21, 22] . Propensity score matching follows that the expected treatment effect for the treated population is of primary importance. This effect may be given as:
where τ is the average treatment effect for the treated (ATT).The propensity score matching model (PSM) can be used to account for sample selection bias in the absence of experimental data. The PSM is the conditional probability that a farmer applies fertilizer, given pre-fertilizer application characteristics.
To create the condition of a randomized experiment, the PSM employs the unconfoundedness assumption, also known as the conditional independence assumption (CIA), which implies that once Z is controlled for, fertilizer application is random and uncorrelated with the outcome variables. The PSM can be expressed as:
where I = {0,1} is the indicator for application of the fertilizer and Z is the vector of pre-fertilizer application characteristics. The conditional distribution of Z, given p (Z), is similar in both groups of farmers who apply and do not apply fertilizer. After estimating the propensity scores, the average treatment effect for the treated (ATT) can then be estimated as:
Propensity score matching rests on two strong assumptions, i.e., the conditional independence assumption and the common support condition.
Data and Description of Variables
The data were collected from 850 households in four provinces of Pakistan through a primary field survey. A team of well-trained enumerators managed the data collection, who pilot tested the instrument before the survey. The survey instrument was designed to collect information on household and farm level characteristics. The detailed information regarding fertilizer applications, specifically the impact of recent subsidy on fertilizer application as well as the subsequent impact on crops yield and household income, was documented. The Table 1 shows the distribution of the sample-38% of the sampled farmers were from the Punjab, 25% from Sindh, 25% from KPK, and 12% from Balochistan province. The district-wise sample across Pakistan is presented below in Figure 1 . 
The data were collected from 850 households in four provinces of Pakistan through a primary field survey. A team of well-trained enumerators managed the data collection, who pilot tested the instrument before the survey. The survey instrument was designed to collect information on household and farm level characteristics. The detailed information regarding fertilizer applications, specifically the impact of recent subsidy on fertilizer application as well as the subsequent impact on crops yield and household income, was documented. The Table 1 shows the distribution of the sample-38% of the sampled farmers were from the Punjab, 25% from Sindh, 25% from KPK, and 12% from Balochistan province. The district-wise sample across Pakistan is presented below in Figure 1 . The mean values and standard deviation of the variables along with variable description are presented in Table 2 . The mean age of the farmers was 43 years, and the farming experience was 21 years, highlighting the fact that the farmers are older individuals with substantial experience in agriculture. The household size was 12, and the number of adult male and female is almost same, i.e., three male and three female per household, which means that the farm household has ample family labour for farming. The average years of schooling of the farmer stand at eight years, which is an indication that farmers have obtained good formal education to learn and understand new technology and government policy. The average landholding per household was about 25 acres, and the average current land rental charge was 33,716 Pakistani rupees per year. The land rent varied from area to area depending upon the soil fertility, the slope of the soil, and land location. About 56% of the farmers reported their land to be completely flat. From 850 farm households, a significantly low number of farmers included legumes in crop rotation (only 6% of the farmers).
Farm assets are essential tools for the farm household to cultivate the land; hence, we obtained the information on farm assets. The tractor is important for managing the farm and transportation, and the data show that 66% of the households owned a tractor and 50% owned a trolley. Approximately 47% of the households owned a moldbold(MB ) plough, 51% owned a rotavator, 41% owned a thresher, 48% owned a ridger, 35% owned a reaper, only 12% owned a combine harvester, and 5% owned a laser land leveling machine. From the analysis of the farm asset ownership, we can conclude that the sampled farmer have diverse and ample farm equipment.
Transportation is an important means to commute to the market, and our data show that about 40% owned a car, 83% owned a motorcycle, and 45% owned a bicycle. About 77% of the households owned a television, 66% owned a washing machine, 78% owned a refrigerator, 20% had an air conditioner; 50% had room cooler ownership, only 9% had a generator, and 25% had UPS. Thus, the surveyed farmers have adequate transportation facilities and a significantly large number of farmers own television, which provides access to information on agricultural technology, weather information, and policy.
About 85% of the households had access to metal road, and 91% had access to transport facilities. Approximately 68% reported to have access to the basic health unit, 87% of the villages had access to the school facility, and 50% had access to the post office. Access to agricultural support and credit facilities seems limited; the result shows that only 20% had access to agricultural extension services and 11% had access to credit facilities. Approximately 77% had a pesticide dealer in the village, and 48% had access to water supply. In the tenancy arrangements, the owners and tenants have equal share in fertilizer application, meaning they share the cost as well as labour charges in fertilizer application.
Empirical Results

Fertilizer Application
The details about fertilizer information and application are presented in Tables 3 and 4 . Awareness about micro and macronutrients is crucial for the farm household to make a rational decision on fertilizer application. The results show that 85% of the farmers had information about the macronutrient and about 74% had information about micronutrients. After the implementation of the fertilizer subsidy program, 61% of the households increased fertilizer dose application, but only 14% of the farm households applied fertilizer as per the recommendation based on the soil fertility test as both over and under application reduces crop yields. Most importantly, 89% of the farmers felt that price reduction has a positive impact on crops yield and household income levels. As expected, analysis shows a considerable decrease in the price of fertilizer after the subsidy. The urea price after the subsidy was PKR 1836 and the DAP price was PKR 3816 and potash was PKR 2103. Although the cost of farmyard manure was as high as PKR 3427 per trolley, 91% of the farmers have applied farmyard manure to enhance the soil fertility. The fertilizer subsidy program has resulted in a reduction in fertilizer prices in the range of 30-40%.
Factor Influencing the Increase in Fertilizer Application
About 61% of the farmers increased the use of fertilizers after the subsidy program. As the dependent variable is the binary choice (1 if the farmers increased the application of fertilizers, otherwise zero), we used a probit model to estimate the determinants of increase in fertilizer after the subsidy program, and the result is reported in Table 5 . The age coefficient was positive and significant, indicating that older farmers applied more fertilizers after the subsidy as compared to young farmers. The number of household's males working at the farm coefficient was positive and significant, indicating that family labour can more efficiently facilitate the fertilizer application process. The coefficient of years of schooling was also positive and significant, indicating that subsidy resulted in increases in fertilizer application for farmers with a higher level of education, which shows that the farmers with a higher level of education took advantage of the subsidy program and maximized the opportunities.
The landholding coefficient was positive and highly significant at 1% level of significance, indicating that farmers with higher landholding increased the application of the fertilizers. As the farmers with large landholding are comparatively more affluent households with access to information and extension services, they are able to obtain and increase the fertilizer application in their farm. The slope coefficient is also positive and highly significant at 10% level of significance.
The household and farm assets like television and cart ownership were positive and significant, while the coefficient of the generator ownership was positive but non-significant. The tractor ownership was positive and significant at 5% level of significance, indicating that households owning a tractor were applying higher doses of fertilizers. This shows that wealthier households increased the fertilizer application.
The coefficient of the access to facilities variables such as metal road, water supply, transportation, and the post office was non-significant. The coefficient of the agricultural extension services dummy was positive and significant at 10% level of significance indicating that farmers with contact to agricultural extension services increased the fertilizers application. The access to credit facility was positive and significant, indicating that households with access to credit facility increased the doses of fertilizers.
The provincial dummies were also included in the model to control for the effect of the location, which is not captured by the household and demographic variables. The value of pseudo-R-square was 0.54, indicating that 54% variation in the independent variable is due to independent variables included in the model. The LR Chi-square was positive and highly significant at 1% level of significance.
Factor Influencing the Intensity of Fertilizer Application
We also investigated the factor influencing the intensity/quantity of fertilizer applied by the farm household using multivariate tobit model and results are presented in Table 6 . The dependent variable is the share of the amount of the different fertilizers applied per hectare, i.e., DAP, urea, farmyard manure, and others; as the share of the different types of fertilizer is mutually inclusive, the multivariate Tobit model has been estimated.
The age coefficient was positive and highly significant for the inorganic fertilizers like DAP and Urea while negative and significant for the organic and other fertilizers, indicating that young farmers mostly apply organic fertilizers while the experienced farmers mostly apply inorganic fertilizers. The coefficient of the education was positive and significant for all the fertilizers, indicating that educated farmers mostly apply more fertilizers and vice versa. The number of male members working on the farm was also positive and significant for all kinds of fertilizer, indicating that households with a higher number of male family members are likely to apply more fertilizer.
The landholding coefficient was negative and significant for the application of the farmyard manure and other fertilizer, indicating that farmers with large landholdings mostly apply less farmyard manure and other fertilizer. This may be because farmers with large landholding produce a surplus for market while farmers with small landholdings produce solely for self-consumption and are likely to grow crops using organic fertilizer. Furthermore, farming a large amount of land requires more fertilizer and the cost of organic fertilizer is high, and it may be expensive to use more organic fertilizer. The coefficient of the slope dummy was negative and significant for the application of all fertilizer, which may be because the marginal rate of return for sloppy land is less. Note: In parenthesis, t-values are reported. Results are significant at ***, **, * 1%, 5%, and 10% levels, respectively.
The household and farm assets such as television, tractor, and cart were positive and significant for both organic and inorganic fertilizer, indicating that the more affluent households apply more fertilizer as they have the capacity to invest more on inputs such as fertilizer.
The institutional variable such as access to the credit facility and extension services are positive and significant indicating that farmers with more institutional support mostly apply higher quantities of fertilizers. Access to infrastructure such as metal road, transport, water supply was positive and significant for all types of fertilizer, indicating that infrastructure plays an important role in input use.
The district dummies were also included to account for the regional heterogeneity, and we did not find a significant difference in fertilizer application across different districts. The LR chi-square indicates the robustness of the variables included in the model.
Impact of Fertilizer Application on Crop Yield and Household Income
The impact of an increase in fertilizer use as a result of fertilizer subsidy on wheat and rice crops yield as well as household income levels was analyzed using two different matching algorithms, i.e., nearest neighbor matching (NNM) and kernel-based matching (KBM) and the results are presented in Table 7 . The nearest neighbor matching matches with the similar nearest neighbour in the opposite group while the kernel-based matching takes the weighted average of all the nonparticipants and then matches. Note: ATT stands for the average treatment effect for the treated. The results are significant at ***, **, * 1%, 5%, and 10% levels, respectively.
The impact of fertilizer on wheat production was positive and significant, as wheat is an important food security crop and increases in wheat production also ensure the food security and thus political stability. The ATT (Average Treatment affect for the Treated) results for the wheat yield were in the range of 65-71 kg per hectares, indicating that fertilizer subsidy increased the wheat yield. Similarly, the ATT results for the rice yields were higher in the range of 34-43 kg per hectare, indicating that subsidy has a positive impact on rice production. The ATT results for the household income levels were also positive and significant, indicating that as a result of fertilizer subsidy, the household income levels are also higher. From the empirical findings, we can clearly conclude that fertilizer has a positive and significant impact on household welfare in Pakistan. However, in Pakistan, the farmyard manure and leguminous crops are very much missing in the system, and from an environmental conservation viewpoint, these need to be promoted [23, 24] .
The quality of matching was tested by employing a number of matching algorithms, i.e., median absolute bias before and after matching, joint significance of covariates before and after matching, and value of R-square before and after matching. The results of the matching quality are presented in Table 8 and Figure 2 . The median absolute bias and the value of R-square were significantly reduced after matching while the p-value of joint significance increased after matching, indicating that the matching was perfect. Figure 2 indicates that PSM has been implemented quite effectively, and the two groups are very much similar to each other. The median absolute bias and the value of R-square were significantly reduced after matching while the p-value of joint significance increased after matching, indicating that the matching was perfect. Figure 2 indicates that PSM has been implemented quite effectively, and the two groups are very much similar to each other. 
Conclusions
Human capital, i.e., wealth and education level of the farmer, drives the increase in the amount of fertilizers applied such as urea, DAP, and farmyard manure, as it reflects the affordability and awareness of the fertilizer usage and yield. As a result of the fertilizer subsidy, more than 60% of the farmers increased fertilizer application. The increased fertilizer application has positively impacted the yield of two most important food crops, i.e., wheat and rice and associated household income 
Human capital, i.e., wealth and education level of the farmer, drives the increase in the amount of fertilizers applied such as urea, DAP, and farmyard manure, as it reflects the affordability and awareness of the fertilizer usage and yield. As a result of the fertilizer subsidy, more than 60% of the farmers increased fertilizer application. The increased fertilizer application has positively impacted the yield of two most important food crops, i.e., wheat and rice and associated household income levels. However, the farmers need to be guided about the recommended application of the fertilizer as overdose also has a negative impact, such as increased inputs cost. Also, the balance between farmyard manure and the chemical fertilizers is very important. As the results of the recent subsidy program in Pakistan show, the farmers have decreased the use of farmyard manure while they have increased the use of chemical fertilizer. However, the fertilizer subsidy program needs to be linked with training from the extension workers and other agriculture agents on the four principals for fertilizer application, namely right fertilizer source, right rate, at the right time, and in the right place. For the conservation of natural resources and soil and water conservation, the use of farmyard manure and leguminous crops needs to be increased.
